One hundred two fecal specimens from psittacine birds submitted to Veterinary Laboratory Services of the California Department of Food and Agriculture at Petaluma were screened for Chlamydia psittaci by a direct immunofluorescence assay using a fluorescein-labeled monoclonal antibody conjugate specific for Chlamydia sp. Results were compared with those obtained by isolation of Chlamydia in cultures of McCoy mouse cells. The relative specificity of the direct fluorescent antibody test on fecal smears was 98.9% and the relative sensitivity was 62.5%. The results of this study suggested that the direct fluorescent antibody test was highly specific, and it proved to be a useful same-day antemortem diagnostic test for birds with symptomatic Chlamydia1 infection. The use of centrifugation in the cell culture assay was found to significantly enhance the level of Chlamydia1 infection in cell culture.
With the growing popularity of pet birds, psittacosis has become a disease of increasing concern because of its economic effect on the pet bird industry and its zoonotic potential. 7, 18 In 1975, there were 29 laboratory-confirmed avian cases of psittacosis in California. 2 The number of cases of avian psittacosis peaked in 1981 at 676 cases, declined to 275 in 1982, and has since remained at approximately 200 cases per year. 2 Clinical disease in birds varies from an acute septicemic form to a chronic, wasting disease, depending on the pathogenicity of the Chlamydia1 strain and the immunocompetent state of the individual bird. 14, 15 Mortality rates in Chlamydia-infected aviaries can be high, particularly in the young. Asymptomatic carrier states are also common in this disease. 14, 15 There are numerous diagnostic methods for antemortem detection of Chlamydia1 infection in birds. Tests that detect Chlamydia-specific antibody include the complement fixation test, 10, 14 latex agglutination test, 8 and enzyme-linked immunosorbent assay (ELISA). l6 An agar-gel precipitation test and capillary tube agglutination have also been used. l0 Interpretation of these tests is sometimes difficult in the individual bird. Highly virulent Chlamydia1 strains may overwhelm the host before detectable antibodies are produced. 14, 15 Different avian species may vary in their immunological response to the organism. 8, 14, 15 Diagnostic methods currently in use for antemortem detection of Chlamydia1 antigen are isolation in chick embryos or in cell culture, and mouse inoculation. 10 A previous study revealed isolation in cell culture to be equally sensitive and specific with mouse inoculation. 4 Mouse inoculation is a particularly expensive and lengthy procedure and has, in most laboratories, been replaced by isolation in chick embryos or in cell culture. The latter two, however, are also lengthy diagnostic procedures, and false negative results are not uncommon. Isolation of the organism in chick embryos or in cell culture depends on fecal shedding of Chlamydia psittaci at the time of sampling and on the organism maintaining viability during storage and transport. In addition, results may vary according to technique and choice of cell lines. 17 A disadvantage of isolation procedures is that the time required to obtain a diagnosis is lengthy and can vary from 4 days to 3 weeks.
A rapid, accurate antemortem diagnostic method that would allow the avian practitioner to initiate immediate treatment of ill birds, thereby preventing spread to both birds and humans, is essential. A previous study indicated that feces from dead birds infected with C. psittaci contained sufficient organisms for detection by a direct fluorescent antibody test (FAT). 20 Those findings offered the possibility of screening fecal specimens for C. psittaci as part of normal clinical practices. The purpose of the study reported here was to develop and evaluate a rapid, antemortem diagnostic technique for the detection of C. psittaci in avian feces using a FAT. Additionally, the effect of centrifugation on the infection of McCoy cells was determined.
Materials and methods
Specimens. One hundred two fecal specimens from psittacine birds were screened for Chlamydia using a FAT on smears and by isolation in McCoy mouse cell cultures. Fecal smears prepared from clinically ill and healthy psittacine birds were submitted to Veterinary Laboratory Services by Fecal smears were fixed in acetone and examined the day of submission by the FAT. Fecal submissions in Chlamydia collection medium were frozen at -70 C until cell cultures were available for inoculation, usually within 7 days.
Direct fluorescent antibody test. A commercial, fluorescein-labeled, monoclonal antibody conjugate' directed against a lipopolysaccharide common to both C. psittaci and Chlamydia trachomatis was used. The procedure to obtain optimum fluorescence for use on C. psittaci was determined by the developers d of the conjugate and the author. The smears were fixed for 2 min in acetone and air-dried. A l-cm-diameter area (window) of the slide was chosen for uniformity of fecal spread and was outlined with embroidery paint. Twenty microliters of the conjugate was applied to the area within the window and the slide was incubated in a humid chamber at 37 C for 20 min. Following reaction with the conjugate, the slide was rinsed for 20 sec in phosphate-buffered saline (PBS), air-dried, mounted with a 50% (v/v) glycerol : PBS solution, and examined by epifluorescence. Positive control slides consisted of impression smears prepared from Chlamydia-infected liver, air sac, and spleen from a necropsied bird confirmed positive for chlamydiosis by isolation in cell culture and by FAT.
Tissue culture assay. McCoy mouse cells were grown to confluence in Chlamydia growth medium on circular coverslips on the bottom of flat-bottomed vials and 24-well plastic plates. The growth medium consisted of Eagle's MEM in Earle's Salts, 10% FBS, and 4 mM L-glutamine. The medium was removed from each vial and well and the cell monolayer was then inoculated with 0.5 ml of a 10-20% (w/v) fecal suspension in Chlamydia collection medium. The vials were centrifuged (1,500 x g) for 60 min at 37 C. The plates were not centrifuged but were incubated at 37 C for 1 hr. The inoculum was removed and 1 ml of fresh Chlamydia isolation medium was added to each well and vial. The isolation medium consisted of growth medium with cycloheximide (0.5 µg/ml), glucose (3 mM), gentamicin (10 &ml), vancomycin (100 &ml), and amphotericin B (10 &ml). Vials and plates were incubated for 5 days at 37 C in an atmosphere of 5% samples of Chlamydia-infected tissues (10-20% [w/v] suspension in Chlamydia collection medium) were serially diluted to 10 -4 , l0 -5 , and 10 -6 in isolation medium. Aliquots of 0.5 ml of the dilutions of each sample were inoculated onto a McCoy cell monolayer in vials (centrifuged) and wells (noncentrifuged) and prepared as above. Vials and plates were incubated for 4 days at 37 C and 5% CO,. Following incubation, coverslips were examined by the FAT. Elementary bodies and inclusions were counted from 10 randomly selected fields using a 40 x objective and the results were analyzed by Wilcoxon's signed rank test.
Results
Of 102 fecal specimens examined, 93 were negative by both the FAT and cell culture. Eight specimens were positive by isolation in cell culture and 5 of these were positive by the FAT. One sample was positive by the FAT but negative by cell culture isolation. These results are shown in Table 1 . When compared with cell culture results, the FAT had a relative specificity of 98.9% (93 of 94) and a relative sensitivity of 62.5% (5 of 8).
The use of centrifugation did not affect the diagnosis of the 102 submitted fecal specimens based on the described positivity criteria since identical results were obtained with centrifuged vials and noncentrifuged plates. Centrifuged vials, however, did contain more inclusions and elementary bodies than noncentrifuged plates in 6 cases examined ( Table 2) .
Results of centrifuged and noncentrifuged cell culture assays of known Chlamydia-infected tissues are listed in Table 3 . In 27 of 30 dilutions tested on 10 specimens, there were more inclusions and/or elementary bodies in the centrifuged samples when compared with the noncentrifuged samples in 10 randomly CO,. After incubation, wells and vials were drained, and the counted fields. This difference was statistically signifcoverslips were fixed in absolute methanol. The coverslips icant (P = 0.01).
were then stained by the FAT procedure and were examined by epifluorescence using a Zeiss microscope with 450/490-Discussion nm exciter and LP 520-nm barrier filters.
Positivity criteria. The presence of any inclusion-con-In a previous study involving 106 necropsied psittaining cell was considered positive for both cell culture and tacine birds, the same fluorescein-labeled monoclonal FAT. In the absence of inclusion-containing cells, 10 or more antibody conjugate specific for Chlamydia sp. was found elementary bodies (e.b.) identified at a magnification of 630 x to be as sensitive and more specific than a polyclonal was considered positive. All direct assay and cell culture antibody conjugate for detecton of Chlamydia in fecal slides were read by the primary author to ensure uniformity. smears. 20 This monoclonal conjugate is not cross-re-Centrifuged versus noncentrifuged cell culture assays. Ten active with the RE-type lipopolysaccharide (Charles McLaughlin, personal communication) that is common to gram-negative bacteria such as Salmonella typhimurium, 3, 5 and has been blocked against nonspecific binding to protein A (Charles McLaughlin, personal communication) common to Staphylococcus aureus. 11 It has therefore been found to be highly specific for use on avian fecal smears. The relative sensitivity of the FAT for detection of Chlamydia in fecal smears was 87.9% (based on FAT of liver, air sac, and spleen impression smears). 20 The results of the previous study indicated that of fatally ill birds infected with chlamydia either primarily or secondarily, antemortem diagnosis of chlamydiosis was possible in 87.9% of them by FAT on fecal smears. confidence was unattainable using the FAT on avian fecal smears because fecal matter is a much more complex substrate than endocervical or urethral smears and is more difficult to read.
One specimen was positive by the FAT but negative by cell culture. It is difficult to determine if this case was an example of a true false positive, a cell culture failure, or non-infectious Chlamydia.
In the moderate-risk population in the present study, which was composed of clinically asymptomatic birds in which fecal shedding of C. psittaci is least likely (low-risk) and of symptomatic birds in which fecal shedding is most likely (high-risk), the relative sensitivity of the FAT on fecal smears based on isolation in cell culture was 62.5%. These results and those of the previous study 20 show that the performance of the FAT on fecal smears may be influenced by the population studied. Sensitivity of the FAT is greater in the high-risk population than in the moderate-risk group. Similar results have been found in comparison studies of the FAT on endocervical and urethral smears and isolation of Chlamydia in cell culture for detection of C. trachomatis in humans. l3 Symptomatic populations are more likely to shed larger numbers of organisms than asymptomatic populations. l9
Centrifugation of cell cultures did not affect the diagnosis of the 102 submitted samples based on the positivity criteria established. The number of inclusions and elementary bodies, however, was greater in most positive specimens that were centrifuged than in noncentrifuged specimens. This finding led to a further investigation of the effects of centrifugation of chlamydia-infected specimens. A greater number of inclusions and elementary bodies in the centrifuged specimens versus the noncentrifuged specimens indicated that more positive specimens potentially could be detected following centrifugation.
The sensitivity of the FAT on avian fecal smears may increase if the surface area of the smear examined is increased. Economic constraints, however, limit this modification on a large scale, because the monoclonal conjugates are expensive reagents. In a 1986 study, it was demonstrated that the sensitivity of the FAT for C. trachomatis in endocervical smears increased if the cutoff value as a positivity criterion was decreased from 10 to 1 elementary body per specimen. 12 This level of Our data agree with a previous study, 1, 9 which showed centrifugation increased infection of McCoy cell monolayers with Chlamydia. Centrifugation is thought to increase the collision frequency of the Chlamydia1 agent with susceptible cells. 6 Centrifugation is a necessary part of the standard isolation procedure for C. trachomatis because, unlike C. psittaci, C. trachomatis is incapable of cell-to-cell infection in cell culture. Because C. psittaci is capable of in vitro cell-to-cell infecton, many laboratories do not incorporate centrifugaton into the standard isolation protocol. The present study on the effect of centrifugation on the Chlamydia1 infection of cell cultures showed that centrifugation yields a higher number of elementary bodies than inoculation without centrifugation. Centrifugation may potentially make a difference between a positive or negative result based on the standard positivity criteria (> 10 e.b.). Centrifugation should, therefore, be considered in establishing a protocol for isolation of C.
psittaci, particularly in laboratories where cell cultures are read after only 3 days of incubation. Aerosols created by the centrifugation process can be hazardous, and the need for proper equipment to ensure personnel safety must also be a consideration when using this procedure.
At present, there is no reliable diagnostic test for C. psittaci infection in the live bird. Success of isolation of C. psittaci in cell culture depends on fecal shedding of the organism at the time of specimen collection and on the viability of the organism. Various cell types and even different cell culture systems (same cell type) have been found to yield varying results. l7 Nonetheless, isolation of C. psittaci in cell culture remains the most sensitive diagnostic tool for chlamydiosis in birds.
antemortem diagnosis of
Fecal shedding at the time of specimen collection is also necessary for the FAT to be useful. The FAT is less sensitive than cell culture, particularly in low-risk populations. This procedure does, however, provide a rapid, accurate test for the detection of C. psittaci in the feces of clinically ill birds, in which same-day diagnosis is crucial. The more sensitive cell culture isolation techniques are recommended for health check screens of clinically healthy birds.
